SUMMARY The question of genetic heterogeneity in tuberous sclerosis (TSC) was addressed by genetic linkage studies in eight affected families using nine polymorphic markers (EFD126.3, MCT136, ABO, ABL, AK1, and MCOA12 from distal 9q, and PBGD, MCT128.1, and 1CJ52.208M from distal llq). The data as a whole supported a TSC locus on distal 9q, the peak lod score on multipoint analysis being 3-77 at 6 cM proximal to the Abelson oncogene locus (ABL). However, analysis of two point lod scores using the HOMOG programs showed significant evidence for genetic heterogeneity (p=0-01), linkage to ABL being unlikely in one family. After exlusion of the unlinked family, multipoint analysis gave a peak lod score of 6 1 in the vicinity of ABL. The family unlinked to ABL showed no recombinants with two chromosome 11 probes, but was too small to provide significant evidence for linkage. Genetic heterogeneity in TSC will complicate efforts to clone the causative genes and severely limit the use of linked probes for carrier detection and prenatal diagnosis. Zm and Zf indicate, respectively, the male and female sex specific lod scores calculated at each recombination fraction., Z indicates the maximum lod score obtained, and Om and Of the sex specific recombination fractions corresponding to Z. As significant evidence for genetic heterogeneity owing to family 9431 had been found, the data for the chromosome 9 probes were reanalysed after exclusion of this family. The two point lod scores are summarised in table 3. Multipoint analysis with chromosome 9 markers gave a peak lod score of 6*1 coincident with ABL ( fig 2) . TSC was placed between MCOA12 and MCT136 with odds of 140:1 against the next most likely order, in which TSC was distal to MCT136. In the absence of any recombination, ordering with respect to ABL and ABO was not resolved. The likelihood curve was broad with confidence limits extending 19 cM distal and 8 cM proximal to ABL. Limiting factors in the precision 
Discussion
Linkage analysis in TSC is hampered by the lack of large affected families and by the difficulty of excluding the condition in those at risk. Apparent discrepancies in previous linkage data might have arisen through misclassification of minimally affected subjects or because of wide confidence limits for the recombination fractions obtained or as a result of genetic heterogeneity. In this study the inclusion of only rigorously investigated family members and the consideration of genetic heterogeneity should have minimised errors owing to these factors.
In one family (9431) segregation of TSC with ABL was atypical of the data as a whole. This family showed recombinants in at least two of four meioses, while no recombinants were seen in the other families, which gave a lod score equivalent to 17 phase known meioses. Formal testing provided statistically significant evidence for genetic heterogeneity and for exclusion of family 9431 (p=001). Clinical features in this family were diagnostic of tuberous sclerosis; all affected subjects had adenoma sebaceum and multiple calcified subependymal nodules on CT scan in addition to secondary diagnostic signs. All meoises in family 9431 were scored in affected subjects.
As well as providing evidence for genetic heterogeneity in TSC our findings provide support for the localisation of one disease locus to distal 9q. Positive lod scores were obtained with each of five markers forming a linkage group in this region and multipoint analysis placed TSC between MCOA12 and MCT136 in the vicinity of the Abelson oncogene locus, a possible candidate gene.
At present the only clue to the possible localisation of other TSC gene(s) comes from the report of an infant with tuberous sclerosis who was trisomic for 11q23.3-qter." We therefore investigated our families with the probes MCT128.1, 1CJ52.208M2, and PBGD which map to this region. These probes did not show evidence of linkage to TSC in our families but it was interesting to note that the family unlinked to ABL gave small positive scores with MCT128. 1 and CJ52. Large collaborative studies are needed to confirm genetic heterogeneity and to determine whether loci on chromosome 11 or elsewhere are involved. Genetic heterogeneity will complicate efforts to isolate the TSC genes and severely limit the application of linked probes for genetic counselling in the condition. ABO 
